6. Electricity

6.1 Forecasting Demand and Supply for Electricity

TheENERGY 2020 model containsthefactorswhich influencethe behavior of the electricity
supply sector, including capacity expans on/construction decisions, ratesand prices, |oad shapevariation
duetoweather, changesin regulation, and wholesaleand retail pricing.

Theédlectric sector of themode can smulatethefull spectrum of deregulated markets, including
theindependent system operator (1SO), aswe havein New England. Themodel dispatches plantsac-
cording to | SO-NE rules, whether they are precisely and perfectly least-cost, or if they reflect other
practical rulesof dispatchwhich do not perfectly minimize costs. Themodel aso recognizestransmission
congtraintsaswell asthe associated costs.? A sophisticated dispatch routine selectscritical hoursaong
seasond |oad duration curvesasaway to provide aquick but accurate determination of system genera-
tion. Peak and base hydro usageisexplicitly modeled to capture hydro plant impacts on the el ectric
system. For the NH Energy Plan, the deregulation dynamics are not afocus and the model is set to
produce aconservative dispatch where suppliersact to minimize societal costscons stent withtheir indi-

vidua generation cods.
6.2 Electricity Demand Forecast

The ENERGY 2020 Base Caseforecast projectstotal el ectricity salesto grow at arate of 3.1%
over theforecast period. Electricity salesgrowthisled by theindustrial sector with a4.3% growth rate.
Thecommercial sector remainsthelargest classwith an average growth rate of 3.2%. The peak load
growthrateissmilar tothe salesgrowth rateimplying littlechangein theload factor. Table6.1 summarizes
theforecast values of el ectric salesand peak demand.

!Gastransmission data are provided by CERI and el ectric transmission data provided by Resource Data,
International viathe National Electric Reliability Council. The dispatch technol ogies present in the New Hampshire
ENERGY 2020 model include: Oil/Gas Combustion turbine, Oil/Gas Combined Cycle, Oil/Gas Steam Turbine, Coal
Steam Turbine, Advanced Coal, Nuclear, Baseload Hydro, Peaking Hydro, Renewabl es, Basel oad Purchase Power
Contracts, Baseload Spot Market, I ntermediate Purchase Power Contracts, Intermediate Spot Market, Peaking PP
Contracts, Peaking Spot Market, and Emergency Purchases.

2 A 70-node transmission system is used in the New Hampshire model.
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6.3 Electricity Supply Forecast

shire, isthat itsenergy market ispart of aregiona market. Changesin demand by New Hampshireenergy
usersareresponded to by changesin eectric power production at theregiond level, not necessarily at the
statelevel. Theseresponseswill in some casesinfluence generation from New Hampshire power plants,
whileinmany casesthey will not. Thisistruebothintheshort term (inwhich existing e ectric power plants
changetheir levelsof generation) and inthelong term (in which investors decide whether and whento

construct new generating capacity).

Table6.1 Electric Salesand Peak Demand

tion of 17080 MW of gascombined cycle capacity and 280 MW of combustion turbinesand the retirement
77.6 MW of biomass capacity. Table 6.2 summarizestheforecasted valuesof generating capacity.
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Asdiscussed in Chapter 5, one of therealitiesfor most statesinthe US, including New Hamp-

Base Case Forecast

Electric Sales and Peak Demand by Class

Residential
Commercial
Industrial
Transportation
Street/Misc

Total Sales (GWh)

Winter Peak
Summer Peak

Residential
Commercial
Industrial
Transportation
Street/Misc
Total Sales

Winter Peak
Summer Peak

1990 2000 2005 2010 2015 2020
Electric Sales (GWh/Year)
3,444 3,734 4,099 4,633 5,174 5,608
2,117 3,909 4,712 5,743 6,691 7,351
3,418 2,635 3,484 4,545 5,592 6,278
0 0 0 0 0 0
107 127 127 127 127 127
9,086 10,405 12,422 15,048 17,585 19,364
Peak Load (MW)
2,469 1,881 2,222 2,673 3,109 3,413
2,475 1,826 2,172 2,623 3,056 3,358
Cumulative Growth Rate of Electricity Sales
0.8% 0.0% 1.9% 2.2% 2.2% 2.0%
6.1% 0.0% 3.7% 3.9% 3.6% 3.2%
-2.6% 0.0% 5.6% 5.5% 5.0% 4.3%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1.7% 0.0% 0.0% 0.0% 0.0% 0.0%
1.4% 0.0% 3.5% 3.7% 3.5% 3.1%
Cumulative Growth Rate of Peak Load
-2.7% 0.0% 3.3% 3.5% 3.4% 3.0%
-3.0% 0.0% 3.5% 3.6% 3.4% 3.0%

Inthe Base Case, €l ectric generating capacity isunchanged except for the already planned addi-




Table6.2 Generating Capacity

Base Case Forecast
New Hampshire Generating Capacity (MW)

2000 2005 2010 2015 2020
Gas/Oil Turbines 13.0 293.0 293.0 293.0 293.0
Gas/Oil Combined Cycle 0.0 1080.0  1080.0 1080.0 1080.0
Gas/Oil Steam 511.0 511.0 511.0 511.0 511.0
Coal Steam 570.0 570.0 570.0 570.0 570.0
Nuclear 1161.0  1231.0 1231.0  1231.0 1231.0
Hydro 440.0 440.0 440.0 440.0 440.0
Biomass 77.6 63.8 0.0 0.0 0.0
Landfill Gas/Waste 19.6 19.6 19.6 19.6 19.6
Wind 0.0 0.0 0.0 0.0 0.0
Total 2792.2  4208.4 41446 41446 41446

Electric generationfollowsasmilar pattern ascapacity, with higher amounts of gascombined
cycleand combustion turbine generation and an eimination of biomassgeneration. Table 6.3 summarizes

the Base Caseforecast of generation by plant.

Table6.3 New Hampshire Gener ation by Plant

Base Case Forecast
New Hampshire Generation by Plant (GWh)

2000 2005 2010 2015 2020
Gas/Oil Turbines 46 389 641 972 1,167
Gas/Oil Combined Cycle 0 927 1,606 2,903 5,108
Gas/Oil Steam 1,562 1,562 1,562 1,562 1,562
Coal Steam 3,286 3,286 3,286 3,286 3,286
Nuclear 8,684 9,208 9,208 9,208 9,208
Hydro 1,348 1,348 1,348 1,348 1,348
Biomass 589 484 0 0 0
Landfill Gas/Waste 159 159 159 159 159
Wind 0 0 0 0 0
Total 15,674 17,362 17,810 19,438 21,838

Table6.4 summarizesforecasted va uesfor New Hampshire' swholesaleprice of eectricity. As
noted in the summary table, theannual wholesale price of electricity isexpected to grow at areal rate of
3.4% over theforecast period. Thewinter wholesale pricegrowsat 3.4%, whilethe summer pricegrows
at 3.5%.



Table6.4. AverageWholesalePrice

Base Case Forecast
New Hampshire Average Wholesale Price ($/MWh)

2000 2005 2010 2015 2020
Nominal Dollars
Summer 68.78 50.92 74.20 107.76 137.28
Winter 54.21 34.01 50.42 76.20 107.02
Annual 61.61 42.58 62.46 92.17 122.33
2000 Dollars
Summer 68.78 44,79 56.84 71.91 79.80
Winter 54.21 29.91 38.63 50.85 62.20
Annual 61.61 37.45 47.85 61.51 71.11

Real Cumulative Growth Rate (%)

Summer 0.0% -6.0% 0.8% 3.0% 3.5%
Winter 0.0% -9.3% -0.7% 2.3% 3.4%
Annual 0.0% -7.4% 0.1% 2.7% 3.4%

In summary, the Base Caseforecast for el ectricity demand and supply callsfor considerable
growthinindustrid dectricity consumption, which will make state e ectricity consumption grow faster than
thestate’ spopulation. Duein part to current and near-term additions of generation capacity intheregion,
electricity pricesareforecast to continuetheir recent declinesthrough most of the next ten years, after
whichtimeatightening regional supply Situationisforecast to bring pricesback up again asweapproach
2020.

64 Electricity Scenarios Rdlativeto Base Case

Two el ectric scenarioswere created in response to stakehol der input suggesting that theimpacts
of premature closure of one or more of New Hampshire sbasel oad el ectricity generating stations should
betested. One of these scenariosteststheimpact of closing New Hampshire'stwo coal-fired power
plants, Schiller and Merrimack stations, in Portsmouth and Bow respectively.

The concept for thisscenario stemsfrom the possibility that future environmental regulations, the
ageof the plants, fuel supply issues, economic conditions, or acombination of thesefactors could poten-
tidly lead to the closure of these plantsby 2020. Thevalueof thisscenarioisto morefully understand the
importance of thesefacilitiesto New Hampshire' senergy future, and theimpactsthat their closurewould
have onenergy costs, fuel diversity, the environment, and other factors.

The second scenario isthe premature closure of the Seabrook nuclear power station. Thissce-
nario, albeit highly unlikely, isbased on the conceptual possibility that aterrorist threat or “homeland
security” consderationsmight lead to such ashutdown of nuclear plants. Thescenarioisalso of interest
because Seabrook’ s capacity and generation are such asignificant share of thetotal capacity and genera-
tionin New Hampshire. Thevalueof thispolicy scenario, aswith the coa plant closure, isto morefully
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understand Seabrook’srolein New Hampshire' senergy future, and theimpacts of itsclosureon severa
variables.

It cannot be over-emphasi zed that these scenarioswererunin order to undertsand theimpacts of
such plant closures, and are not meant to serve asrecommendationsto closethefacilities, whicha thispoint
arevery important tothedectricity supply of New Hampshireand New England.

Coal Retirement Scenario Compared to Base Case
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Figure6.1. Impactsof Coal Plants Shutdown Relativeto Base Case

6.4.1 Hypothetical Coal Plant Closure

New Hampshire hastwo coal-fired power plants, both presently owned and operated by PSNH.
Merrimack Station ontheMerrimack River in Bow isPSNH’sprimebase-load plant with anet generation
capacity of 433.5 megawattsfromitstwo cod-fired units. Unit Onehasanet capacity of 113.5 MW, Unit
Two hasanet capacity of 320 MW.

Theplantissupplied by roughly 1 coal train per week from Pennsylvania, Virginiaor Kentucky
coal mines. PSNH’sother coal-fired facility, Schiller Station, ison the Piscatagua River in Portsmouth.
The sourceof coal usedinthisfacility variesbased upon price, availability and sulfur content. Thisplant
has obtained coa by bargefrom Virginiaor by ship from Venezuelaor Nova Scotia.

Inorder to understand therolethese plants play in New Hampshire' senergy future, aswell asthe
impact of losing the generation from these plants, we model ed the hypothetical shutdown of New Hamp-
shire’stwo coal -fired power stationsoccurring in 2011. Theeffectsof thisshutdown onthe set of key
variables, relativeto the Base Case, areillustrated in Figure 6.1. Overall, thewholesale€electricity price
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risessharply (over 10%) inthefirst year and then recoversduring subsequent yearsto alevel 2-3% higher
than its base case level by 2020. Retail pricesrise by amore modest percentage, under 5% for the
duration of thesmulated impacts.

Table6.5. Electricity SalesI mpactsof Coal Plant Retirement

New Hampshire Electricity Sales (GWh/Year)
20 Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 10,405 12,422 15,048 17,585 19,364 15,199
Coal RetireJCoall 10,405 12,422 15,048 17,445 19,177 15,132
Difference 0 0 0 -139 -187 -67
Percent Change 0.00% 0.00% 0.00% -0.79% -0.96% -0.44%
High Price Scenario Comparison
High Price 10,405 12,422 15,173 18,156 20,205 15,481
Coal Retire HPC 10,405 12,422 15,173 18,003 20,193 15,466
Difference 0 0 0 -153 -12 -15
Percent Change 0.00% 0.00% 0.00% -0.88% -0.06% -0.10%

Figure6.1 a so showsthat natural gas generation would pick up the deficit created by theloss of the coal
plants. Natura gasplantsprovideé€lectricity withlower CO, emissions per kWh, sototal NH greenhouse
gasemissionswould drop asaresult of the shutdown, by approximately 5%, or 3milliontonsof CO, (see
Table6.7). Becausetheretail priceof electricity wouldrise, thetotal demand for electricity would fall
dightly, by approximately 1%. Electricity priceand demand responsesareaso summarizedin Table 6.5
and Table6.6.

Table6.6. Electricity Pricel mpactsof Coal Plants

Average Electric Prices (2000 $/MWh)
20 Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 98.67 79.38 69.65 79.42 88.35 79.61
Coal Retire 98.67 79.38 69.65 82.19 89.73 80.72
Difference 0.00 0.00 0.00 2.76 1.38 111
Percent Change 0.00% 0.00% 0.00% 3.48% 1.56% 1.33%
High Price Scenario Comparison
High Price 98.67 79.38 69.73 82.42 91.18 80.97
Coal Retire HP 98.67 79.38 69.73 85.33 96.25 82.23
Difference 0.00 0.00 0.00 2.90 5.07 1.26
Percent Change 0.00% 0.00% 0.00% 3.52% 5.57% 1.44%




Findly, weinvestigated theimpactsof thehigher e ectricity priceand thelossof theplant uponthe
state’ seconomy. Asshownin Table6.8 theearly impact isnegative, with anet lossof 160 jobsreativeto
the Base Casein 2015. Table 6.8 also showstheresultsin the context of the high fuel price scenario,
whichin 2015 amount to alossof 136 jobsrelativeto the no-shutdown, high price scenario.

Table6.7. Greenhouse GasEmission Impactsof Coal Plant Retirement

Greenhouse Gas Emissions (Million Tons CO2e/Year)
20-Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 36.37 40.48 46.16 51.63 56.07 46.94
Coal RetireJCoall 36.37 40.48 46.16 48.90 53.01 45.55
Difference 0.00 0.00 0.00 -2.73 -3.07 -1.39
Percent Change 0.00% 0.00% 0.00% -5.29% -5.47% -2.55%
High Price Scenario Comparison
High Price 36.37 40.48 45.12 48.03 52.73 45.17
Coal Retire HPOC 36.37 40.48 45.12 45.36 49.45 43.78
Difference 0.00 0.00 0.00 -2.67 -3.28 -1.40
Percent Change 0.00% 0.00% 0.00% -5.57% -6.21% -2.73%

| nterestingly, the energy-economic modeling system actually predictsan increasein employment
by theyear 2020 compared to Base Caseresulting from the closure of the coa plants. Thegainsinjobs
rel ativeto the respective no-shutdown casesare roughly 1,500 jobsrel ative to the Base Case, and over
17,000 jobsintheevent of thefuel priceshock. Thereason for theselonger-term economic gainsfor the
stateisthefact that with the sustained, dightly higher retail electricity ratesstarting in 2011, the state’s
businesses and homeownersinvest in higher energy efficiency asthey buy new capital stocksor replace
worn-out stocks and equipment in responseto higher prices.

Table6.8. Employment | mpactsof Coal Plant Retirement

Total Employment (Thousands)
20-Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 699.797 741.202 777.134 813.023 842.421 779.501
Coal RetiredCoalRe 699.797 741.202 777.134 812.863 843.959 779.518
Difference 0.000 0.000 0.000 -0.160 1.538 0.017
Percent Change 0.00% 0.00% 0.00% -0.02% 0.18% 0.00%
High Price Scenario Comparison
High Price 699.797 741.202 773.287 806.896 846.290 776.937
Coal Retire HPOCo  699.797 741.202 773.287 806.760 863.465 780.986
Difference 0.000 0.000 0.000 -0.136 17.175 4.050
Percent Change 0.00% 0.00% 0.00% -0.02% 2.03% 0.46%




Theseinvestments create apositiveimpact on the economy and result in the creation of new jobs
astheenergy efficiency goodsand servicesare produced and ddlivered inthe state.

Whilethe economy does not shrink overall dueto the closure of the coal plants, by 2015 total
electricity salesinthe statewould drop by nearly 1%. Thisdrop representsincreased efficiency, which
payslonger-term economic dividendsby 2020 asthe stat€' sbus nessesare more cost-competitiverdative
totheBase Case. Thebenefitsof theseefficiency gainsare quitelargeinthe case of thefuel price shock
becausethefue price shock leadsto acombination of higher eectricity pricesand higher fuel sharesfor
electricity. Under theconditionsof ahypothetical price shock, the economic benefitsto New Hampshire's
economy of thecod shutdown-induced efficiency gainsarequite significant: 2% of total stateemployment
in2020.

Theelectricity provided by New Hampshire's coa plants areimportant to the state, and this
hypothetical scenario showsthese plantshel p make electricity in the state more affordable. Intheevent
that these plantswere closed in the near term, it isimportant to understand the economic, environmental
and energy consequences. Themode showsthat, when compared to the base case scenario, electricity
prices—both wholesaleand retail —would be higher, emissions of greenhouse gasseswould decrease, and
theimpactson grossregiona product and employment would be quite modest.

6.4.2 Premature Closure of Seabrook

Seabrook StationisNew Hampshire'slargest electrical generator. Located onan 889-acresite
onthe coast of New Hampshirein thetown of Seabrook, it usesa 1,150 MW pressurized-water nuclear
reactor to produce enough power for approximately 1 million New England homes. FloridaPower &
Lightisinthe processof purchasing Seabrook Station asaresult of thesaleof plant after el ectric restruc-
turing.

Sincethe September 11, 2001 terrorist attacks, there has been much discussion concerning other
potential targetsfor futureterrorist attacks. These haveincluded chemical plants, fuel pipelines, and
nuclear power stations, among others. Discussionswith stakehol dersraised the possible, though far from
probable, scenario that policy makersmay eventually determinethat operation of nuclear power stations
presented too great arisk inrelation to terrorist attacks. For thisreason, and because Seabrook repre-
sentssuch alarge share of New Hampshire el ectricity generating capacity and annual generation, it was
determinedto beof interest to consider the possi bl e consequencesfrom the premature closure of Seabrook.
We sdlected the arbitrary year of 2005 for the hypothetical closure, in order to providetime (15years) in
the remaining forecast horizon for the consequencesto be measurable.
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Seabrook Closure Scenario Compared to Base Case
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Figure6.2. Impactsof Seabr ook Shutdown ver susBase Case

Theclosure of Seabrook nuclear stationin 2005 would lead to some rather significant conse-
guencesfor the New Hampshire and the New England regional energy system, assummarizedin Figure
6.2. The Seabrook shutdown isforecast to cause retail electricity pricesto rise by as much as 10%

Table6.9. Employment | mpactsof Seabrook Shutdown

Total Employment (Thousands)
20-Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 699.797 741.202 777.134 813.023 842.421  779.501
Nuke Retire 699.797 741.202 776.754 812.625 852.079  779.758
Difference 0.000 0.000 -0.380 -0.398 9.658 0.257
Percent Change 0.00% 0.00%  -0.05% -0.05% 1.15% 0.03%
High Price Scenario Comparison
High Price 699.797 741.202 773.287 806.896 846.290 776.937
Nuke Retire HP 699.797 741.202 772972 806.651 863.016 782.104
Difference 0.000 0.000 -0.315 -0.245 16.726 5.167
Percent Change 0.00% 0.00% -0.04% -0.03% 1.98% 0.59%

relativeto the Base Case. Asinthehypothetical coal closure scenario, thisleadsto modest near-term
economic impacts, with longer-term economic gainsasaresult of efficiency improvements. However,
with the higher priceimpact of Seabrook closure, it takeslonger (morethan 10 years) for the economic
impactsto turn positive. Incontrast to thecoa hypothetical, the closure of Seabrook would causeamajor
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increasein greenhouse gasemissions, asfossil fuels (largely natural gas) would likely replacethelost

nuclear generation.

Table6.10. Effectsof Seabrook Shutdown on AverageNH Electricity Prices

Average Electric Prices (2000 $/MWh)
20 Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 98.67 79.38 69.65 79.42 88.35 79.61
Nuke Retire 98.67 79.38 76.13 86.48 93.24 83.72
Difference 0.00 0.00 6.49 7.05 4.89 411
Percent Change 0.00% 0.00% 9.32% 8.88% 5.53% 5.13%
High Price Scenario Comparison
High Price 98.67 79.38 69.73 82.42 91.18 80.97
Nuke Retire HP 98.67 79.38 76.18 87.37 99.01 85.35
Difference 0.00 0.00 6.45 4.95 7.83 4.38
Percent Change 0.00% 0.00% 9.25% 6.01% 8.59% 5.28%

Ladly, itisimportant to notetherather dramatic riseintotal New Hampshirenatural gasconsump-
tionthat isforecast to result from the Seabbrook closure, which may have other implicationswith regard to

both the supply and price of natural gasin the state and theregion.
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